The point-contact spectra of tantalum in the superconducting state, with T a, Cu, and Au counterelectrodes, have been studied. We discovered some new distinctive features, whose position on the eV axis is determined by the critical power required for the injection of nonequilibriumquasiparticles. At this level of power the band gap ∆ decreases abruptly in the vicinity of the contact. A correction to the point-contact spectrum, with the sign opposite to that of the usual correction, arises in the region of phonon energies. The maxima in the T a spectrum become sharper and their position on the energy axis becomes stabilized near the values eV ph = 7.0, 11.3, 15.5, and 18 meV , which correspond to low phonon group velocities ∂ω/∂q 0 in T a. This is confirmed by the existence of corresponding flattenings on the dispersion relations ω(q) of lattice vibrations. Slow phonons are created near the N −S interface in quasiparticle recombination and relaxation processes and cause a decrease in ∆ and an increase in the differential resistance in the vicinity of eV ph . An excess quasiparticle charge is accumulated in the region of the contact, producing a correction to the resistance, which decreases as eV , T , and H increase. These mechanisms are particularly effective in dirty contacts, thus permitting phonon spectroscopy in the superconducting state even when the current flow occurs in a nearly thermal mode.
I. INTRODUCTION
The nature of the nonlinearity of the current-voltage characteristics (I-V curves) of point contacts between normal metals has been well studied. In particular, the second derivative of the I-V curve has been shown to be proportional to the electron-phonon interaction (EPI) function at low temperatures. The study of the d 2 V /dI 2 characteristics (point-contact spectra) for different metals and alloys is the domain of point-contact spectroscopy [1, 2] .
It is also known that if one electrode or both are in the superconducting (S) state, then the I-V curve of the point contact is essentially nonlinear for two reasons: 1) in the range of biases eV ∼ ∆ the nonlinearity is due to the band gap ∆ in the spectrum of quasiparticle excitations [3] ; 2) in the range of biases eV ∆ Joule heating can destroy superconductivity in the region of the point contact [4] . In three-dimensional point contacts, however, whose size d is substantially smaller than the energy relaxation lengths for electrons and phonons, Λ e and l ph , local equilibrium does not exist between the electrons and the lattice and the distribution functions of the quasiparticles are far from equilibrium functions.
Under these conditions the quasiparticle distribution has a sharp edge at energies equal to the applied bias eV and one could effect new effects associated with the spectral dependence of the density of electron and phonon states. Indeed, the first experiments performed in this field [5, 6] showed that the fine structure of the nonlinearities of the I-V curves of S − c − S contacts are associated with the characteristic energies of phonons, although the shape and exact position of the anomalies on the energy axis are often determined to a considerable degree by the shape of the contact and the purity and structural perfection of the metal in the region of the contact. Distinct and reproducible phonon features were observed in the spectra of S − c − N contacts [7] . The advantages of S − c − N contacts consist in the absence of the Josephson effect, which results in additional nonlinearities of the I-V characteristics, as well as in less lattice heating in the region of the contact in the case of a normal metal with a high thermal conductivity. The disadvantages are a certain complication of the interpretation of the spectra, because of the possible manifestation of the electron-phonon interaction of the normal metal, as well as the necessity to take into account the differences in p F and v F in the contacting metals when making quantitative estimates of the shape and intensity of the spectra and the diameter of the contact, [8] because under real conditions an S − c − N contact always is a heterocontact.
Theory [9, 10] and experiment [7] have shown that for pure S − c − N contacts the point-contact spectrum basically is similar to the spectrum in the normal (N ) state and differs from the latter only by an additional contribution due to inelastic processes with the emission of phonons under Andreev reflection of electrons, forming an excess current. For ∆ eV, δ (eV ) [where δ (eV ) is the width of the spectral lines of the point-contact EPI function] the contribution of these processes is small.
On the other hand, in a previous study [6] we found that in dirty S −c−S and S −c−N contacts the shape of the phonon features in the point-contact spectra differs substantially from that in normal metals. Moreover, a distinct phonon structure in the S state was observed even when it was absent in the N state.
In this work we consider the idea that relaxation of quasiparticle excitations in a superconductor can determine the phonon structure of point-contact spectra to a considerable measure, especially in the case of contacts with a sufficiently high concentration of elastic scatterers. Clearly, the deviation of the electron and phonon subsystems from equilibrium in the region of the contact cannot be ignored. When current is passed through an N − S contact an imbalance arises between the populations of the electron and hole branches of the quasiparticle spectrum in the superconducting electrode [11] . One result of this is a reverse current of quasiparticles, which leads to an increase in the resistance in the range of low biases [12] . Beside this, when the current in the semiconductor increases the total concentration of quasiparticle excitations increases in the vicinity of the contact and suppresses ∆, and when a critical concentration is reached, brings about a transition to a spatially inhomogeneous nonequilibriumstate [13] . In this paper we present experimental facts, which in our view confirm the substantial role of nonequilibrium phonons with low group velocities in the formation of new features of the point-contact spectra during the transition to the S state. The preliminary results were given earlier in a brief communication [14] . 
II. FABRICATION AND CHARACTERISTICS OF CONTACTS
For the superconducting electrode we chose tantalum, which can be used in conjunction with metals such as copper or gold to form point contacts that have a resistance in the range from a few ohms to several hundred ohms and possess spectra with a relatively low background and distinct phonon maxima in the N state. One such spectrum, serving as a "certificate" for each sample, is given in Fig. 1 , which also shows the experimental geometry in the inset.
A detailed study of the point-contact spectra of such samples in the N state was carried out in Ref. [15] . Two different methods were employed to fabricate the point contacts. In the first method, electrodes were made to touch in liquid helium, thus creating an electrical contact with a resistance of the order of 1-10 kΩ, which was then decreased smoothly to the desired value during the passage of a shaping current at a bias of a few tenths of a volt. The metal in the region of the contact heats up and softens at such high biases, so that the area of the contact spot increases under the applied force and the region of the contact is partially purified of oxides and structural faults. In the second method electrical shaping at high biases was not carried out and the region of the contact was purified as a result of microdisplacements of the electrodes relative to each other in the plane of contact (shift method, see Ref. [1] ). On the whole, the observed characteristics depended little on the method of contact fabrication, but a high-quality sample is much easier to obtain by means of electrical shaping.
One can conceive of different variants of configurations and structure of real contacts (Fig. 2) . Unfortunately, the structure of a contact cannot be determined by direct methods (e.g., observation under an electron microscope, nor can a contact be fabricated with a prescribed geometry and structure. This is prevented by the extremely small size d ≈ 20 − 200Å and the fact that the geometry must in principle be three-dimensional. Diverse electrical measurements thus are the sole source of information. Utilizing them, we can learn a good deal about the structure of the contact without destroying it. In the point-contact spectra of the contacts shown in Fig. 2(a,  c) , for example, the predominant features are the peaks that correspond to the phonon spectrum of the metal, which predominantly fills the region of constriction. We note that for T a, paired with a noble metal, spectra with an appreciable contribution from the latter are extremely rare. Unfortunately, structures of the type shown in Fig.  2 (a, b) cannot be distinguished for the given pair. The causes of this were analyzed in detail in Ref. [15] . The I-V characteristic and its derivatives in the range of biases of the order of ∆ can be used for an analysis of the structure of an S − c − N contact. In particular, a contact with a structure similar to the model in Fig. 2(b) has tunneling-like I-V curves that display a minimum of dV /dI at eV = ∆ (see Fig. 3a , where the voltage V 1 is proportional to dV /dI and
The presence of defects and impurities in the boundary layer leads to additional electron reflection (in comparison with that due to the difference in the electron characteristics), which, on the one hand, changes the shape of the I-V curve, making it more similar to that of ideal tunnel contacts, and on the other hand sharply decreases the excess current I exc that is observed as the difference between the I-V characteristics in the S and N states in the range eV > ∆ (Ref. [16] ). We selected contacts whose I exc were more than half the theoretically expected value [17] 1 and, therefore, the interface was sufficiently clean in the case of the structure in Fig. 2b . An additional check that a large number of elastic scatterers was not present in the region of the contact was made on the basis of the intensity of the point-contact spectra in the N-state, which should decrease appreciably for l i d (l i is the impurity mean free path) (Ref. [2] ). The electron elastic mean free path in our contacts lies in the inter-
, where l i,o is the mean free path in bulk Ta (≈ 900Å). We note that the use of a purer material in itself does not guarantee that cleaner contacts are obtained. Radical changes in the fabrication technology are required to obtain cleaner contacts. In Fig. 3 (b,c) the initial portions of the point-contact spectra correspond to point contacts that have a geometry close to that of the model in Fig. 2a . The main measurements were made on T a − Cu contacts. The characteristics of the T a − Au contacts were similar. Besides the I-V curve and its derivatives, which were recorded by the standard modulation method, we also recorded the deviation δI(V ) of the I-V curve from Ohm's law by means of a bridge circuit. When the bridge is balanced the δI(V ) curve is horizontal in the region of small eV since the I-V curve of the point contact is ohmic in the N state. This is not always convenient since as eV increases the δI(V ) characteristic abruptly passes into the negative region (when the gain is sufficiently high). In a number of cases, therefore, the bridge was slightly unbalanced so that the straight line corresponding to Ohm's law was at a certain angle to the abscissa axis. Regardless of the recording method used, the excess current is the difference δI S − δI N and the calibration of the ordinate axis is preserved.
III. TEMPERATURE DEPENDENCES OF POINT-CONTACT SPECTRA
Signs of superconductivity in the point-contact spectra of S − c − N contacts usually appear at a temperature T c that is lower than the T c of bulk T a (T c = 4.48 K). From Fig. 4 we see that beside a rapid increase in the intensity of the band-gap anomaly in the region of small values of eV , the point-contact spectrum undergoes considerable changes in a narrow range of temperatures near T c . These changes consist in a decrease in the intensity at the beginning of the TA peak (eV 11 ÷ 12 meV ), and in some cases so does that of the LA peak eV 18 meV . Such behavior cannot be a result of the destruction of superconductivity in the region of the contact and hence, the spectrum of the N state should be reproduced. As the temperature is lowered further in the case of relatively clean contacts the intensity of the peaks is restored approximately and the change in the point-contact spectrum is smoother, causing the phonon maxima to undergo systematic peaking and the spectrum move downward relative to the spectrum in the normal state, to negative values of d 2 V /dI 2 (Fig. 5) . The EPI feature at eV =7 meV , which corresponds to the low-frequency mode in T a (Ref. [18] ) and usually appears as a weak shoulder in spectra of the N state [15] , in this case becomes a maximum. Similar peaking is also undergone by the feature at eV 15meV , which is noticeable only in the spectra of high-quality contacts in the N state [15] and is absent from the N spectrum (Fig. 5) .
While in the N states the position of the main TA and LA peaks in the EPI point-contact spectrum varies within the limits 11.5-12.5 and 17-18 meV , respectively, for various contacts, in the S state the position of these peaks were recorded at biases of 11.3 and 18 meV to within an error of the order of ±0.1meV . The effect of stabilization of the position of peaks on the eV axis during the transition to the S state is especially noticeable for contacts whose size is comparable to the mean free path (i.e., for low-resistance and/or dirty contacts). The effect of the diameter of the contact on the shape of point-contact spectra in the S state is shown in 6, which gives the second derivatives of the I-V characteristic of the same contact whose resistance was successively decreased by electrical shaping. It is seen that the lower the resistance, the more the point-contact spectrum moves lower along the ordinate axis, entering the negative region, and the more pronounced the peaking of the maximum.
IV. DISCONTINUOUS VARIATION OF THE PROPERTIES OF A SEMICONDUCTOR NEAR A CONTACT
The point-contact spectra in the S state also have peculiarities (at eV = 5 meV in Fig. 5 and at eV = 2.5 − 5 meV in Fig. 6 ), whose position on the V axis depends on the resistance of the contact, the temperature, or the external magnetic field. These peculiarities are absent from the spectra in the N state. They have a tendency to appear near characteristic phonon energies when the temperature is lowered below T c . Figure 7a ,b,c shows cases when such peculiarities appear near the lowfrequency mode and the maxima of the density of states of the TA and LA phonons, respectively.
The higher the resistance of the contact, the higher the biases at which a peculiarity arises. At a fixed temperature the voltage at which a peculiarity is observed is proportional to R 1/2 ( Fig. 8) , which corresponds to a constant critical power P c = V 2 c /R const ( 0.4µW for T a at 2 K). The critical power increases with increasing temperature or external magnetic field, whose orientation is not of major importance (Figs. 9, 10 ).
This rules out the interpretation of a peculiarity as a result of the destruction of the superconductivity by the temperature or the field and unambiguously points to the essentially nonequilibrium origin of the peculiarity. Indeed, if the peculiarity is due to an abrupt transition of a nonequilibrium to a new state when a certain critical quasiparticle concentration is reached, the steady-state density of the quasiparticles depends on their relaxation rate, which increases with the temperature and field. The injection current I c = V c /R should increase so as to compensate for this increase.
The shape of the peculiarity corresponds to an abrupt decrease in the excess current and increase in the differential resistance by a value of the order of several per cent (Fig. 11) . The I-V characteristic is not usually observed to have hysteresis in the region of a peculiarity (see inset to Fig. 11) . Since the excess current changes only slightly after a jump, the band gap in the region of the contact remains virtually equal to its previous value.
The critical density of excess quasiparticles, which cause a peculiarity to appear, can be evaluated if we take into account that the minimum volume of superconductor that can undergo a phase transition should not be smaller than the coherence length ξ. Then n c ∼ J c τ where
3 is the rate of quasiparticle generation per unit volume and τ is the relaxation time, which in the simplest case is equal to the time taken by the quasiparticles to escape from the region under consideration, i.e., τ ∼ ξ/v F . We assumed that for typical values of V c the inelastic mean free path is greater than ξ and the flight is ballistic. When estimating J c we considered that an energy ∼ ∆. In other words, there is a multiplication of quasiparticles by reabsorption of nonequilibrium phonons and electron collisions, so that eventually the majority of quasiparticles have excess energy ∼ ∆. Since ξ = ξ(l), and decreases abruptly along with l(eV ) at biases near the maxima of the density of phonon states, the density of the nonequilibriumquasiparticles increases unevenly with the bias and decreases abruptly at the characteristic phonon energies. Moreover, phonons with low group velocities, which are reabsorbed effectively in the contact, correspond to these energies. This explains which the formation of a nonequilibrium peculiarity in point-contact spectra is usually "linked" to regions of more rapid decrease of l(eV ), i.e., to the maxima of the EPI functions (Fig. 7) . 
V. TA-TA CONTACTS
We also studied the temperature evolution of pointcontact spectra of T a homocontacts at temperatures below T c . Typical results, which are given in Fig. 12 , unambiguously indicate that the critical peculiarities are due to a change of state of the tantalum edge and not to the proximity effect near the interface with copper (or gold). This was to be expected since the diameter of the contact is substantially smaller than both ξ 0 and ξ N = hv F /2πT and the proximity effect is suppressed to a considerable degree. From Fig. 12 we see that two peculiarities, corresponding to each of the edges, arise in S − c − S homocontacts. Their position on the V axis as a function of the temperature is shown in Fig. 13 for two different contacts. As for S − c − N contacts, the critical power, which is proportional to V c 2 , increases with rising temperature and its value at T =2 for the first critical peculiarity coincides with the critical power in an S − c − N contact. These results can be compared with the critical peculiarities observed in Ref. [5] for tin S − c − S contacts, which have the same shape but a higher intensity. Since the values of the band gap in T a and Sn are approximately equal, P c (Sn)/P c (T a) ≈ ξ 3 (Sn)/ξ 3 (T a) ≈ 25, which is in agreement with the value P c = 9 µW , which is observed for tin at the same relative temperature. Assuming that for T a at T =2 K we have ∆ = 0.67 meV, ξ 0 = 900Å, and v F = 0.74 · 10 8 cm/ sec, we obtain the critical concentration n c ≈ 0.16 · 10 18 cm −3 . This is the typical density of nonequilibrium quasiparticles at which an abrupt transition occurs in a spatially inhomogeneous state and during tunnel injection [19] .
VI. DISCUSSION OF EXPERIMENTAL RESULTS. EXCESS CHARGE OF QUASIPARTICLESIN REGION OF CONTACT
The qualitative explanation for the observed variations in the point-contact spectra in the transition from one of the electrodes to the S state is based on taking into account the fact that the electrons and phonons in the region of the contact deviate substantially from equilibrium. Quasiparticles with maximum energy eV ≈ hω D ∆ are injected into the superconductor through the N − S interface. These quasiparticles populate the electron-like or hole-like branch of the spectrum of excitations, depending on the polarity of the applied voltage. The excitations relax [20] 3 comparatively quickly, in a time of the order of τ ep (ε), emitting phonons and accumulating in a layer of the order of ∆ above the top of the band gap. Further relaxation of the residual imbalance between the occupation and the total concentration of excess quasiparticles occurs fairly slowly, in a time of the order of τ 0 ∼ τ ep (∆) (Ref. [20] ), during which the excitation manages to diffuse into the superconductor to The changes that occur in the spectrum upon transition to the S state, as shown in Figs. 4-6 , can be explained from this standpoint. Indeed, since the additional resistance decreases as a result of the increase in the frequency of electron-phonon scattering with increasing bias eV , the I-V characteristic (i.e., its second derivative) has the sign opposite to the sign due to ordinary inelastic processes, which also occurs in the N state. The effect should decrease for all spectra as the bias eV increases, as is indeed observed experimentally. Then, near T c the imbalance relaxation is slowed down by a factor of T /∆ and this possibly explains the strong effect observed in this temperature range. On the whole, the spectrum in the S state should lie below the spectrum in the N state, which is also consistent with experiment.
The foregoing discussion shows that the excess current, which is defined as the difference between the I-V characteristics in the S and N states, should depend in an extraordinary way on the magnetic field (in the presence of elastic scatterers), the temperature, or the bias, which increase the rate of charge-imbalance relaxation. It is seen clearly from the inset to Fig. 14 that the dependence of the excess current on eV first has a positive curvature and only at high biases, at which the influence of the reverse current can be ignored, is the curvature negative in accordance with the theory [9, 10] . Figure 14 also shows a family of δI(V ) curves, taken at various temperatures for another contact. If the nonequilibrium effects were insignificant, then for any bias I exc = δI S − δI N and along with it δI S (since δI N is virtually temperatureindependent) should increase with decreasing tempera- ture because the band gap grows, since the excess current is proportional to the value of ∆ in the direct proximity (at a distance of the order of d ) of the contact. We see that for the lowest temperature (curve 6) in a certain range of biases the δI(T 1 ) curve lies below δI(T 2 ) when T 2 > T 1 . From this we can conclude that, generally speaking, the excess current measured in point contacts is always smaller than the value predicted by the theory, which does not take nonequilibrium effects into account [3, 21] . In our case, however, these corrections are small and the experimental excess current is close to the theo- retical value.
We find more evidence of the influence of nonequilibrium quasiparticles by examining the dependence of the excess current, at a fixed bias, on the external magnetic field (Fig. 15) . If we leave the oscillations aside, we can note that in sufficiently high fields (of the order of several tenths of H cm ) δI and I exc increase with increasing field, often reaching values that exceed the zero-field values. In the equilibrium situation the magnetic field causes a decrease in ∆, and together with it, the excess current.
We shall try to describe the form of the contribution to the point-contact spectrum from the energy relaxation of the quasiparticle charge imbalance. Suppose that the spreading of quasiparticles over long distances in comparison with d is diffusive in nature: λ Q l i > ∼ d. The quasiparticle charge density then decreases with depth in the superconductor according to the law [12] .
Where Following Ref. [12] , we obtain
(I is the total current through the contact),
and the second derivative of the I-V characteristic of the point contact has the form
Here, as above, λ Q and τ Q are the average values for quasiparticles in a layer that is a distance eV above the Fermi energy. Ignoring the K-factor, we write
, where τ Q (ε) is the imbalance relaxation time for quasiparticles of energy ε, which was calculated in Ref. [20] . Finally, for the second derivative of the I-V characteristic by T = 0 we obtain Figure 16 shows the difference of the point-contact spectra in the S state (at T = 1.5 K and the N state for several contacts (curves 1-4). For comparison we also give the graph of -d/dV τ Q −1/2 (eV ) , which was calculated from formula (21) of Ref. [20] , using the tabulated function g(ω) (Ref. [22] ). Clearly, the spectral peculiarities on the experimental curves V S 2 − V N 2 differ qualitatively from the predictions of the model taking the imbalance into account. Indeed, at the characteristic phonon energies 7.0, 11.3, 15.5, and 18 meV the experimental curves have maxima, which sometimes go even into the region of positive values, whereas the theory, which on the whole correctly predicts a negative sign for the superconducting contribution to the spectrum, gives minima. This discrepancy cannot be eliminated by refining the model and compels us to look for a different explanation of the observed peculiarities.
VII. REABSORPTION OF NONEQUILIBIRUM PHONONS
Analyzing the ensemble of experimental facts, we come to the conclusion that the reabsorption of phonons by electrons is of decisive importance for the formation of specific peculiarities in the point-contact spectra of contacts with superconducting electrodes. In a previous paper [14] we noted that the multiplication of quasiparticles through the reabsorption of nonequilibrium phonons is important only for an estimation of the total concentration of excitations, on which the band gap and the excess current depend. The phonons reabsorbed are primarily those that slowly leave the region of the contact, i.e., phonons with low group velocities ∂ω/∂q and corresponding frequencies, at which the density of states is a maximum. Precisely the selection of phonons by the criterion ∂ω/∂q = 0 determines the effect of stabilization of the positions of the maxima and their peaking during the transition to the S state, while in the N state phonons participate in inelastic one-phonon backscattering processes over a wider region of phase space and the position of the maxima in the spectrum can change according to the orientation of the axis of the contact relative to the crystallographic axes. When elastic scatterers are introduced into the region of the contact the point-contact spectra in the N state as a rule become broader, e.g., as a result of smearing of the anisotropy. Reabsorption of nonequilibrium phonons in the superconductor, leading to an increase in the total number of quasiparticles and to a decrease in the band gap near the constriction, gives rise to a qualitatively new effect. Elastic scattering of phonons hinders their escape and accentuates the effect of selection. For dirty contacts and/or large contacts, therefore, the maxima on the energy axis of the point-contact spectra in the S state are very narrow and their position on the energy axis is located exactly near singular points of the phonon spectrum: ∂ω/∂q = 0. In accordance with this, the dispersion curves for phonons in T a should have flattenings at frequencies that correspond to the energies of the maxima eV ph : 7.0, 11.3, 15.5, and 18.0 meV . The last three energies correspond to frequencies where ∂ω/∂q = 0 for the principal crystallographic directions in T a, according to data on the inelastic scattering of neutrons [18] . Moreover, the curve of T − phonons in the [111] direction in Ref. [18] is observed to have an inflection, which can correspond entirely to the maximum V 2 (V ) at eV ph = 7 meV of lower intensity. More exact neutron experiments should support this prediction, which was made on the basis of an analysis of point-contact spectra. In the N state phonon reabsorption leads to a background in the point-contact spectra. The experimental data indicate that the greater the background, the more markedly the spectrum in the S state differs from the spectrum in the N state. This can also be considered as indirect evidence of the role of nonequilibrium phonons in the change in the shape of the point-contact spectrum in the transition to the S state.
VIII. CONCLUSIONS
Let us summarize the studies on the mechanism by which the point-contact spectra of T a − T a, T a − Cu, and T a − Au contacts are transformed during the transition of T a to the S state. When eV ∆ the deviation from equilibrium in the superconducting edge is large. The current flowing through the contact is a source of nonequilibrium quasiparticles, which are capable of multiplying by emitting phonons that are absorbed by Cooper pairs. The steady-state concentration n of excitations in the superconducting vicinity of the contact is determined by the ratio of the rate of generation to the rate of recombination (escape) of the quasiparticles. The band gap ∆ near the contact and the excess current, which is proportional to the band gap, depend on n. When the critical injection power is reached, the state of the superconductor near the contact changes abruptly the excess current decreases by several per cent and the differential resistance grows. The position of the critical peculiarity in the point-contact spectrum on the V axis is determined by the dependence of the quasiparticle recombination rate on the external parameters (T, H). The shape of the spectrum V > V c is also determined by the dependence of the excitation relaxation rate on eV , T , and H. With increasing eV , the injection grows but at the same time so does the relaxation rate. As a result of the latter circumstance the spectra in the S state are shifted down along the ordinate axis relative to the N spectra. At not very high eV an increase in the relaxation rate leads the injection and, therefore, in some range of eV the band gap ∆ has a tendency to increase, causing the I-V characteristic to have an anomalous curvature.
At high values of eV the increase in the relaxation rate slows down and ∆ begins to decrease, which is responsible for the usual sign of the second derivative. The influence of the magnetic field and the temperature can be explained in similar fashion.
Impurities and increased contact size enhance the role of nonequilibrium phonons, whose reabsorption determines, to a considerable degree, the shape and position of lines in the point-contact spectra in the S state at low temperatures. Effects of reabsorption of nonequilibrium phonons, therefore, can explain the observed spectral peculiarities for dirty contacts [6] , when the energy diffusion length is comparable with or smaller than the diameter of the contact and the spectrum in the N state spreads considerably. In this case, nonequilibrium phonons are generated in the direct proximity of the plane of the contact, where electrons that "remember" their energy at a large distance from the aperture are encountered. In the superconductor these are electrons of the condensate, since the electrochemical potential of Cooper pairs remains constant in space up to distances of the order of the inelastic mean free paths of electron-phonon relaxation. Phonons with a maximum energyhω = V , therefore, are created near the boundary between a clean normal metal and a dirty superconductor, or between two dirty superconductors, in a point-contact and they then increase the concentration of nonequilibrium quasiparticles, decrease ∆, and, as a result, reduce the excess current. Such, apparently, is the nature of the phonon peculiarities observed in S − c − S contacts of N b (Ref. [6] ), N bSe 2 (Ref. [23] ), and N b 3 Sn (Ref. [24] ), as well as in S − c − N contacts of T c − Ag (Ref. [25] ).
As long as effects of band-gap suppression and the transition of the superconductor to a spatially inhomogeneous state can be ignored, the I-V characteristics of clean contacts are described by the theory [9, 10] . Such a situation obtains in the case of Sn − Cu contacts [7] (between metals with fairly large l ε and ξ).
IX. NOTATION
Here p F and v F are the electron Fermi momentum and velocity; ∆ is the energy gap; l i and l ε are the momentum-relaxation and energy-relaxation mean free paths of electrons; p c and V c are the critical power and voltage; J c is the rate of quasiparticle generation per unit volume; λ Q is the diffusion length of excess quasiparticles; Q * is the density of excess quasiparticle charge; d = 2a is the point-contact diameter; and τ Q (ε) is the charge-imbalance relaxation time for quasiparticles of energy ε.
